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North of Sinai-EgyptAbstract Sustainable agriculture focuses on production that renews resources. Egypt has a lot of
sustainability constraints such as salinity and alkalinity, lack of infrastructure and credit utilization.
The current study focuses on assessment of sustainability factors for agricultural utilization through
integrated biophysical, economic viability and social acceptability in the North Sinai area. Sustain-
able agricultural spatial model (SASM) was developed using Arc GIS 10 to identify and classify the
area, according to sustainability degree of agricultural utilization, where the factors of productivity,
security, protection, economic viability, and social acceptability in the different mapping units were
assessed. The investigated area is classiﬁed into three different classes, I, II, are covered in about 7%
of the total area where land management practices are marginally below the threshold for sustain-
ability located in the northern part of the study area, where the sustainability values are ranging
between 0.1 and 0.3. The areas characterized as class III do not meet sustainability requirements
where the sustainable values <0.1. The current work shows how the decision-makers can increase
the land sustainability classes I, II to 10% of the total area by controlling just two factors: social
and economic factors.
 2014 Production and hosting by Elsevier B.V. on behalf of National Authority for Remote Sensing and
Space Sciences.1. Introduction
Sustainable agriculture is used to refer to practices that meet
current and future societal needs for food and feed, ecosystem
services and human health, maximizing the net beneﬁt for peo-
ple, without compromising the ability of future generations to
meet their own needs by improving the natural resource
(USAID, 1988; WCED, 1987; Smyth and Dumanski, 1993;
Tilman et al., 2002). Sustainable agricultural systems aim at
developing new farming practices that are also safe and do
not degrade the environment (Lichtfouse et al., 2009).
2 E.S. Mohamed et al.Productivity, security, protection, viability, and acceptability
are the main factors of sustainable land management,
(Dumanski, 1997). Sustainable agriculture is the heart of a
new social contract between society as a whole and its farmers.
However, implementing sustainability remains a hard event.
The concept of sustainability has yet to be made operational
in many agricultural situations and it is currently imperative
to effect a comprehensive assessment that integrates broader
ecological, economic and social dimensions to achieve sustain-
able agriculture (Gliessman, 1998). Sustainable land use man-
agement is necessary to shorten the gap between planning
practice and research regarding landscape (Antonson, 2009).
Crop yield is used as a sustainability indicator, which not only
quantiﬁes the production/ha over time but also allows to
identify gaps between experimental yield and farmer yield
(El-Nahry, 2001). Bio-physic elements (productivity, security,
protection) and socio-economic aspects (economic viability
and social acceptability) are used under Egyptian conditions
for the purpose of combating and tackling sustainability
constraints that preclude the agricultural development or to
reduce them to acceptable levels of mass production endeav-
ors. (Abdel Kawy et al., 2012; Nawar, 2009; El Bastawesy
et al., 2013). Since agricultural production is socially organized
and its social dimension differs from place to place, analyzing
it on a local small scale is more logical and more representative
(Simon, 2000). Sustainability of agriculture and rural commu-
nities can be enhanced through locally-based planning andFigure 1 Location omanagement at the farm level, including the Farm Recommen-
dation and Resource Management Domain (Eswaran et al.,
2000). The development Agricultural Decision support system
tools are described by Matthews et al. (2008) and Sharmaa
et al. (2006) for exploring alternative futures for agricultural
sustainability in the Lower Mainland of British Columbia.
The main core of the model is simulation of future land-use
changes in different scenarios and assessment of social,
economic and environmental consequences under these
scenarios.
The objective of the current work is to evaluate sustainable
utilization of agricultural land, using Sustainable agricultural
spatial model (SASM) through integration of ﬁve factors
(productivity, security, protection, economic viability and
social acceptability) using geographic information system
(GIS), analytical tools for the purpose of combating and tack-
ling sustainable agricultural constraints and optimum land use
planning in the North of Sinai.2. 2-Materials and methods
2.1. Study area
The studied area is located in the northern part of the Sinai
Peninsula, and lies between longitudes 32 300 and 34 250 east,
and latitudes 30 500 and 31 200 North as shown in Fig. 1. Thef the study area.
Sustainability indicators for agricultural land use 3area has typically arid and semi-arid climatic conditions. The
mean temperature ranges from 27.8 to 14.4 C and 25.9 to
13.4 C in Port Said and El-Arish stations, respectively. The
average annual rainfall at Port Said is 73.6 mm it increases
up to 100.7 mm at El-Arish.
The main geomorphologic units of North Sinai Peninsula
are evaporites, coastal plains, sabkhas, dunes, alluvial fans,
basins, wadis, alluvial plains, river terraces, and plateau
(Mohamed, 2013) as shown in Fig. 2.Figure 2 Geomorphologica2.2. Digital image processing
The studied area was represented by 16 SPOT satellite images
dated from 2011. The SPOT images were geometrically cor-
rected. Rectiﬁcation method (image for map) was followed.
The geometric model used in the rectiﬁcation process was sec-
ond order polynomial, and the resampling method is the near-
est neighbor method. A mosaic process was elaborated to
overlay the SPOT images. ASTER DEM images were usedl units of the study area.
4 E.S. Mohamed et al.as the source data for elevation heights of the study. Digital
elevation model (DEM) has been derived from ASTER
images. The mosaic image was draped over DEM to get the
feel of natural 3D then for identifying and delineating Land
use land cover of the study area.
2.3. Fieldwork and laboratory analyses
Field studies and ground prooﬁng were carried out based on a
geomorphological map of the North Sinai (Mohamed, 2013).
The morphological description of 24 soil proﬁles, whichTable 1 Chemical and physical characteristics of the studied area.
Proﬁle No. Mapping unite Depth (cm) Organic % pH 1:2.5 CEC
1 E 80 1.03 8.6 52.65
2 WS 85 0.81 8.51 31.48
3 DS 130 0.76 8.42 31.6
4 LT 135 0.04 8.19 5.3
5 MT 150 0.05 8.1 7
6 HT 150 0.05 8.18 8.36
7 HT 140 0.04 8.2 10.3
8 MT 150 0.04 8.33 6.95
9 MT 165 0.037 8.03 7.55
10 HT 150 0.056 8.08 4.9
11 MSS 170 0.043 8.3 5.7
12 HSS 150 0.06 8.8 5.15
13 HSS 130 0.056 7.95 9.3
14 SP 175 0.046 8.22 5.78
15 MSS 180 0.092 8.02 9.52
16 LSS 95 0.52 8.19 18
17 P 82 0.216 8.12 6.1
18 F 80 0.0135 7.81 15.55
19 O 95 0.08 8.1 12
20 LSS 130 0.07 8.12 12
21 W 135 0.08 7.98 15.1
22 WT 150 0.1 7.8 7.9
23 WT 150 0.04 7.9 6.2
24 C 150 0.035 8.23 6.13
Table 2 Productivity assessment of the different mapping units.
Mapping unit Texture Organic
carbon%
PH 1:2.5 CEC meq/
100 g soil
S R V S R V S R V S R V
E 10 10 100 10 9.5 95 10 9.5 95 10 10 10
WS 10 9.5 95 10 9.5 95 10 9.5 95 10 10 10
DS 10 9.5 95 10 9.5 95 10 9.5 95 10 10 10
LT 10 9 90 10 9 90 10 9.5 95 10 8.5 8
MT 10 9 90 10 9 90 10 9.5 95 10 9 9
HT 10 9 90 10 9 90 10 9.5 95 10 9 9
MSS 10 9 90 10 9 90 10 9.5 95 10 8.5 8
HSS 10 9 90 10 9 90 10 9 90 10 9 9
SP 10 9 90 10 9 90 10 9.5 95 10 9 8
LSS 10 9.5 95 10 9.5 95 10 9.5 95 10 9.5 9
P 10 9 90 10 9 90 10 9.5 95 10 9 9
F 10 9 90 10 9 90 10 9,5 95 10 9.5 9
O 10 9 90 10 9.5 95 10 10 100 10 9 9
WT 10 9 90 10 9 90 10 9.5 95 10 9 9
W 10 9 90 10 9 90 10 10 100 10 9.5 9
C 10 9 90 10 9 90 10 9.5 95 10 9,5 9representing different geomorphic units. The soil samples were
analyzed in the laboratory that included particle size distribu-
tion, bulk density, percentage ﬁne sand, silt, clay, organic mat-
ter, pH, and electrical conductivity, etc. carried out according
to USDA (2004).
2.4. Sustainable agricultural
The framework of sustainable land management (Smyth and
Dumanski, 1993), was used to recognize the current condition
of sustainability, as well as having been modiﬁed and adaptedmeq/100 g soil Salinity EC dS/m Alkalinity ESP% Texture class
200.23 34.56 C
99.27 30.71 S-CL
113.9 14.59 C-SL
1.22 13.05 S
1.02 25.33 S
0.85 31.78 S
0.86 26.28 S-LS
0.8 38.63 S-LS
0.64 33.29 S
1.03 36.33 S
1.33 35.06 S
1.78 32.79 S
0.73 41.18 S
0.39 29.7 S
1.07 37.75 S-LS
55.11 47.09 LS
0.83 17.81 S
0.93 15.07 S
0.96 13.07 S
1.73 25.3 S-LS
1.59 4.4 LS
2.8 6.4 LS
2.2 4.5 LS
0.37 18.63 S-LS
Depth (cm) EC ds/m ESP% Relative
yield
Index
S R V S R V S R V s R V
0 10 9.5 95 10 8 80 10 8.5 85 10 8 80 0.47
0 10 9.5 95 10 8 80 10 8.5 85 10 8 80 0.44
0 10 9.5 95 10 8 80 10 8.5 85 10 8 80 0.44
5 10 10 100 10 10 100 10 10 100 10 9 90 0.6
0 10 10 100 10 10 100 10 10 100 10 9 90 0.62
0 10 10 100 10 10 100 10 10 100 10 8 80 0.55
5 10 10 100 10 10 100 10 10 100 10 9 90 0.6
0 10 10 100 10 10 100 10 10 100 10 8 80 0.52
5 10 10 100 10 10 100 10 10 100 10 9 80 0.52
5 10 9.5 95 10 8 80 10 9 90 10 10 100 0.56
0 10 9.5 95 10 10 100 10 10 95 10 8 80 0.5
5 10 8,5 85 10 10 100 10 10 95 10 8 80 0.47
0 10 10 100 10 10 100 10 9 90 10 8 80 0.55
0 10 9.5 95 10 10 100 10 10 95 10 8 80 0.5
5 10 10 100 10 10 100 10 10 100 10 9 90 0.69
5 10 10 100 10 10 100 10 10 100 10 9,5 95 0.69
Sustainability indicators for agricultural land use 5for Egyptian conditions by El-Nahry (2001). To deﬁne the cur-
rent sustainability status and potentiality in the North Sinai
Peninsula, the current conditions of land use, existing manage-
ment practices, environmental factors, and the existing eco-
nomic and social conditions were recognized. The ﬁrst step
was to recognize all factors that are likely to bear upon the sus-
tainability of the use in question in the evolving circumstances
of the future. Then, the criteria for assessing the signiﬁcance of
each factor were identiﬁed. The signiﬁcant factors (‘Indica-
tors’) are identiﬁed in the third step and their future status in
relation to critical levels (‘Thresholds’) is projected. In the ﬁnal
analysis all information is brought together to provide an eval-
uation of probable sustainability.Figure 3 Productivity in2.4.1. Productivity index
Soil characteristics, as well as crop yields were taken into con-
sideration to calculate productivity index as a measurable out-
come. Productivity refers to a quantity of yield from
agricultural operations as shown in Tables 1 and 2. The pro-
ductivity index was calculated with the following formula:
Productivityindex¼ A
100
 B
100
 C
100
 D
100
 E
100
 F
100
 G
100
 H
100
where: relative yield% (A), texture (B), organic carbon (C)%,
pH (D), cation exchange capacity (E), proﬁle depth (F), salin-
ity (G), and alkalinity (H).dex of the study area.
Table 3 Security and protection assessment of the investigated area.
Mapping units Protection Index Security Index
Cropping Flooding Erosion Bio Water Moisture
S R V S R V S R V S R V S R V S R V
E 10 7 70 10 9 90 10 7 70 0.4 10 8 80 10 9.5 95 10 9 90 0.68
WS 10 7 70 10 9 90 10 7 70 0.4 10 9 90 10 9.5 95 10 9 90 0.77
DS 10 7 70 10 9 90 10 7 70 0.4 10 9 90 10 9.5 95 10 9 90 0.77
LS 10 9.5 95 10 9.5 95 10 10 100 0.9 10 9 90 10 10 100 10 10 100 0.9
MT 10 10 100 10 9.5 95 10 10 100 0.7 10 9.5 95 10 9.5 95 10 10 100 0.9
HT 10 8.5 85 10 9 90 10 7 70 0.5 10 9 90 10 9.5 95 10 10 100 0.86
MSS 10 7 70 10 8 80 10 7 70 0.4 10 8 80 10 8.5 85 10 9 90 0.61
HSS 10 8 80 10 8 80 10 7 70 0.4 10 9 90 10 9 90 10 9 90 0.72
LSS 10 8.5 85 10 8.5 85 10 7 70 0.5 10 8.5 85 10 8.5 85 10 8 80 0.58
SP 10 7 70 10 8 80 10 7 70 0.39 10 8 80 10 8 80 10 8 80 0.51
P 10 7 70 10 7 70 10 7 70 0.3 10 8 80 10 8 80 10 7 70 0.45
F 10 7 70 10 7 70 10 7 70 0.3 10 8 80 10 80 80 10 7 70 0.45
O 10 7 70 10 8 80 10 7 70 0.4 10 8 80 10 8.5 85 10 9 90 0.61
WT 10 7 70 10 7 70 10 7 70 0.3 10 8 80 10 8 80 10 7 70 0.45
W 10 9.5 95 10 9 90 10 9 90 0.75 10 9.5 95 10 9 90 10 9.5 95 0.81
C 10 10 100 10 10 100 10 9 90 0.9 10 9.5 95 10 10 100 10 9.5 95 0.9
Figure 4 Protection index of the study area.
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Sustainability indicators for agricultural land use 72.4.2. Security and protection indices
The security index was calculated by three factors, moisture
availability (A), water quality (B) and Biomass (C). The pro-
tection index was calculated by erosion hazards by water and
winds (A), ﬂooding hazards (B) and cropping system (C) using
the following formulas:
Security index ¼ A
100
 B
100
 C
100
Protection index ¼ A
100
 B
100
 C
1002.4.3. Economic viability index
Economic evaluation was assessed based on survey work,
which should usually start early in the land evaluationFigure 5 Security indeprocesses. The economic viability index considering the value
(V) of ﬁve indicators as determining economic viability, viz.:
beneﬁt–cost ratio (A), difference between farm gate price and
the nearest main market price (B), availability of farm labor
(C), size of farm holding (D) and percentage of farm produce
sold in the market (E) is given by
Economic index ¼ A
100
 B
100
 C
100
 D
100
 E
1002.4.4. Social acceptability
The social acceptability index was calculated using six factors:
land tenure (A), support for extension services (B), health and
educational facilities in the village (C), training of farmers on
soil and water conservation (D), availability of agro-inputs
within 5–10 km range (E) and village road access to main roadx of the study area.
8 E.S. Mohamed et al.(F). The northern Sinai region has suffered throughout the pre-
vious decades of neglect in infrastructure, education and health
facilities
Social index ¼ A
100
 B
100
 C
100
 D
100
 E
100
 F
1002.4.5. Sustainable agricultural spatial model (SASM)
Sustainable agricultural spatial model (SASM) was developed
based on criteria of Dumanski, 1993, using Arc GIS 10 to iden-
tify and classify the study area according to agricultural use.
The ﬁrst phase of the model construction is to build a database
for each factor (productivity (A), security (B), protection (C),
economic viability (D) and social acceptability (E)), followed
by transformation of these layers to raster form. The variousFigure 6 Social acceptabilitsustainability indices were obtained by applying the indicator
equations for each factor using raster calculations. The sus-
tainability index was calculated by multiplying different indi-
ces using weighted overlay. The weighted overlay process for
each map was assigned with equal percentage inﬂuence.3. Results and discussion
3.1. Sustainability indicators
Sustainability indicators in the current study are focused on
ﬁve factors: productivity, security, protection, economic viabil-
ity and social acceptability using geographic information
system.y index of the study area.
Table 4 Economic viability assessment of the studied soil mapping units.
Mapping units Sold in market Size farm Farm labor Price gate Beneﬁt Economy index
S R V S R V S R V S R V S R V
Economy
E 10 9.5 95 10 8 80 10 8 80 10 9 90 10 8 80 0.43
WS 10 9 90 10 10 100 10 8 80 10 9 90 10 8 80 0.51
DS 10 9 90 10 9 90 10 8 80 10 8 80 10 8 80 0.41
LT 10 9.5 95 10 10 100 10 9.5 95 10 9.5 95 10 9.5 95 0.8
MT 10 9.5 95 10 10 100 10 9 90 10 9.5 95 10 9 90 073
HT 10 9 90 10 10 100 10 9 90 10 9.5 95 10 8.5 85 0.65
MSS 10 9 90 10 10 100 10 8 80 10 9 90 10 8 80 0.52
HSS 10 8 80 10 10 100 10 8 80 10 8 80 10 7 70 0.35
SP 10 9 90 10 10 100 10 8 80 10 9 90 10 8 80 0.51
LSS 10 9 90 10 10 100 10 8 80 10 9 90 10 8 80 0.51
P 10 8 80 10 10 100 10 8 80 10 8 80 10 7 70 0.35
F 10 8 80 10 10 100 10 8 80 10 8 80 10 7 70 0.35
O 10 8 80 10 10 100 10 8 80 10 8 80 10 7 70 0.35
WT 10 8 80 10 10 100 10 8 80 10 8 80 10 7 70 0.35
W 10 9.5 95 10 10 100 10 9 90 10 9 90 10 9 90 0.69
C 10 10 100 10 10 100 10 9.5 95 10 9.5 95 10 9.5 95 0.85
Figure 7 Economic availability index of the study area.
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Productivity index is associated with soil chemical and physical
characteristics, as well as crop yields. Soil texture classes are
varied from one mapping unit to another. Evaporite units
are clayey texture in the different layers of the studied soil pro-
ﬁle. Soils of terraces vary between sand and loamy sand. The
soils of sandy sheets and sandy plains are attributed by sandy
texture. Soils of wadis are characterized by sand loamy and
sand clay loam in the successive proﬁle layers. Soils of foots-
lopes and pedplains are characterized by shallow soil depthTable 5 Social acceptability assessment of the studied soil mapping
Mapping units Road Access Agro-input Training
S R V S R V S R V
Social
E 10 9 90 10 9 90 10 8 80
80 10 10 90 10 9 90 10 8 80
80 10 10 90 10 8 80 10 8 80
95 10 10 100 10 10 100 10 9 90
MT 10 1 100 10 10 100 10 9.5 95
HT 10 1 100 10 10 100 10 8 80
MSS 10 9 90 10 9 90 10 8 80
HSS 10 8 80 10 8 80 10 8 80
SP 10 9 90 10 9 90 10 8 80
LSS 10 9 90 10 9 90 10 8 80
P 10 8 80 10 8 80 10 8 80
F 10 8 80 10 8 80 10 8 80
O 10 8 80 10 8 80 10 8 80
WT 10 10 100 10 8 80 10 8 80
W 10 10 100 10 9 90 10 9 90
C 10 10 100 10 10 100 10 9 90
Figure 8 Sustainable agricultuwhere hardpan layers are observed at depths of around
85 cm. The soil proﬁle depth of evaporites is less than 95 cm
where ground water levels is near the soil surface layers. The
organic matter content is very low, in general it is less than
0.1%, except evaporites and sabkhas units where, organic
matter reached 1.0%. The electrical conductivity (ECe) of
evaporites, sabkhas and some parts of sand sheet is attributed
to high salinity where it ranges between 50 and 200 dS/m. On
the other hand electrical conductivity (ECe) values are low to
very low in the other mapping units. The pH values rangeunits.
Health Services Tenure Social index
S R V S R v S R V
10 9 90 10 8 80 10 95 95 0.44
10 9 90 10 8 8.5 10 8.5 95 0.44
10 8 80 10 8 80 10 8 85 0.31
10 9.5 95 10 9 90 10 9.5 95 0.73
10 9.5 95 10 9 90 10 9.5 95 0.75
10 9.5 95 10 9 90 10 95 95 0.64
10 9 90 10 8 80 10 95 95 0.442
10 8 80 10 8 80 10 85 85 0.27
10 9 90 10 8 80 10 95 95 0.44
10 9 90 10 8 80 10 95 95 0.44
10 8 80 10 8 80 10 8 80 0.26
10 8 80 10 8 80 10 8.5 85 0.27
10 8 80 10 8 80 10 8.5 85 0.27
10 8 80 10 8 80 10 8 80 0.32
10 9.5 95 10 9 90 10 9 90 0.65
10 9.5 95 10 9 90 10 9.5 95 0.73
ral special model (SASM).
Sustainability indicators for agricultural land use 11between 7.8 and 8.8. More than half of the study area is char-
acterized by a high value of exchangeable sodium percentage
that varies. The cation exchange capacity ranges between 4.9
and 52 meq/100 g soil in different layers of the investigated
area. The soil’s evaporites and sabkhas are classiﬁed as Typic
Aquisalids. Soil of terraces, sandy sheets, sandy plain are
classiﬁed as Typic Torripsamments. Soils of foot slopes, and
peneplains are classiﬁed as Lithic Torripsamments. The pro-
ductivity is calculated using the value (V) of eight indicators
viz.: relative yield, texture, organic carbon%, pH, cation
exchange capacity, proﬁle depth, salinity and alkalinity by
using the formula mentioned above.
The results obtained indicated that soil productivity in the
coastal plain and some parts of wadis is characterized by high
productivity index (>0.65). Low terraces, moderate terraces
and moderate sand sheets are characterized by moderate to
high productivity index (0.59–0.65). Furthermore, mapping
units of sand plain, some parts of sand sheet, high terraces,
and low sand sheets are demonstrated by a productivity index
ranging between 0.5 and 0.6 as shown in Table 2 and Fig. 3.
On the other hand, evaporite dry sabkha, wet sabkha, and foot
slope were characterized by low productivity index less than
0.5. The main reasons for a decrease in soil productivity index
are salinity values, cation exchange capacity CEC as well as the
decrease of relative yield, and available nitrogen.
3.1.2. Security and protection indices
Security and protection indices are calculated based on the
formulas mentioned above. The security index includes the fol-
lowing factors: moisture availability degree, water quality andTable 6 Sustainability evaluation on the studied soil mapping unit
Mapping units Production index Protection index Security index
E 0.47 0.4 0.68
WS 0.44 0.40 0.77
DS 0.44 0.4 0.77
LS 0.59 0.65 0.9
MT 0.62 0.7 0.9
HT 0.55 0.5 0.86
MSS 0.59 0.4 0.61
HSS 0.52 0.4 0.51
LSS 0.52 0.5 0.58
SP 0.56 0.39 0.51
P 0.5 0.3 0.45
F 0.47 0.4 0.61
O 0.55 0.4 0.61
WT 0.5 0.3 0.45
W 0.69 0.5 0.89
C 0.75 0.75 0.9
Table 7 Sustainability classes of the investigated area.
Sustainability classes Current state
Area% Area/H
I 3 1757
II 4 2342
III 19 11128
Reference terms 74 43342biomass. Meanwhile protection is included: erosion hazards
by water and winds, ﬂooding hazards, and cropping system.
The results revealed that, pediplain, wadi attributes, footslope
and sand plain are characterized by low index values in both
security and protection where, they are have values less than
0.5 and 0.4, respectively. The lower indices values refers to
deﬁciency of moisture contents, water quality and biomass as
well as slope gradient inﬂuencing. Its effects on increasing of soil
structure damaged by rain and wind. Thus the soil erosion haz-
ard and ﬂooding are high in these areas. Low sand sheet, sand
plain, moderate sand sheet and sabkha units are characterized
by moderate indices which ranged between 0.6–0.8 and 0.4–
0.6, respectively as shown inTable 3 andFigs. 4 and 5.Otherwise
the high terraces, moderate terraces, wadi and coastal plain are
characterized by high values in both security and protection
indices where they are bigger than 0.8 and 0.6, respectively.
3.1.3. Economic viability index
Economic viability means that the real returns from farming
operations, relative to the farm’s asset value and labor inputs,
are competitive with other small business, career, or invest-
ment alternatives. The results obtained revealed that the
coastal plains, northern parts of wadi, terraces are character-
ized by high economic viability where the index >0.7, on the
other hand rest of the areas located at middle and southern
parts of the study area are suffering from lack of markets,
however there is a very big difference between farm gate price
and the nearest main market also beneﬁt cost ratio is differ-
ence. Thus the economic viability index is less than 0.5 as
shown in Fig. 6 and Table 4.s.
Social index Economy index Total value Sustainability class
0.44 0.43 0.024 III
0.44 0.51 0.03 III
0.31 0.41 0.017 III
0.73 0.8 0.202 I
0.75 0.75 0.220 I
0.64 0.65 0.098 II
0.442 0.52 0.033 II
0.27 0.35 0.010 III
0.44 0.51 0.034 II
0.44 0.51 0.025 III
0.26 0.35 0.006 III
0.27 0.35 0.011 III
0.27 0.35 0.013 III
0.32 0.35 0.008 III
0.65 0.69 0.138 II
0.73 0.85 0.3 I
Potential sustainability
ectares Area% Area/Hectares
11.6 5.4 316280.8
82.1 4.35 254781.8
40 16.25 951771
19 74 4334219
12 E.S. Mohamed et al.3.1.4. Social acceptability
The current work is focused on six factors to study the social
acceptability as follows: land tenure, support for extension ser-
vices, health and educational facilities in the village, training ofFigure 9 Current sustaina
Table 8 Correlation between sustainability factors.
Sustainability factors Productivity Security Protection
Productivity 1 – –
Security 0.157 1 –
Protection 0.193 0.765** –
Economic viability 0.108 0.920** 0.798**
Social acceptability 0.154 0.815** 0.705**
Sustainability 0.260 0.858** 0.924**
** Signiﬁcance level at 0.05.farmers on soil and water conservation, availability of agro-
inputs within 5–10 km range and village road access to main
roads.As indicated earlier the northern Sinai region has suffered
throughout the previous decades of neglect in infrastructure,bility of the study area.
Economic viability Social acceptability Sustainability
– – –
– – –
– – –
1 – –
0.932** 1 –
0.898** 0.855** 1
Table 9 Potential sustainability of the study area.
Mapping units Production index Protection index Security index Social index Economy index Total value Sustainability class
E 0.47 0.4 0.68 0.9 0.95 0.1 III
WS 0.44 0.4 0.77 0.9 0.95 0.11 III
DS 0.44 0.4 0.77 0.95 0.9 0.11 III
LS 0.59 0.9 0.95 1 1 0.5 I
MT 0.7 0.95 0.95 1 1 0.63 I
HT 0.55 0.5 0.86 1 0.95 0.22 II
MSS 0.59 0.5 0.61 0.95 0.9 0.15 II
HSS 0.52 0.4 0.7 0.9 0.95 0.12 III
LSS 0.52 0.5 0.58 0.9 0.9 0.12 II
SP 0.56 0.39 0.51 1 0.95 0.1 III
P 0.5 0.3 0.45 0.9 0.85 0.05 III
F 0.47 0.4 0.61 0.8 0.8 0.07 III
O 0.55 0.4 0.61 0.9 0.9 0.1 III
WT 0.5 0.3 0.45 0.9 0.9 0.05 III
W 0.69 0.85 0.89 1 1 0.52 II
C 0.75 0.9 0.9 1 1 0.6 I
Figure 10 Potential sustainability of the study area.
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14 E.S. Mohamed et al.education and health facilities. Therefore, the results obtained
showed that only the northern parts of Sinai where the popula-
tion is concentrated are blessed with services, social acceptabil-
ity reached higher than 0.5 as shown in Fig. 7 and Table 5
comparedwith the other parts of the study areaswhere the social
acceptability value measured less than 0.5.
3.1.5. Sustainability index
The study of sustainability indices is based on sustainable agri-
cultural special model besides, taking into consideration the
land use, geomorphology and the ﬁve factors of sustainability,
viz.: productivity (A), security (B), protection (C), economic
viability (D) and social acceptability (E) as shown in Fig. 8
and Table 6. Mathematical formula expressing sustainability
index as a result of the various criteria is
Sustainability index ¼ A B CD E
Based on the results obtained from sustainable agricultural
special model (SASM) the study area is classiﬁed into three
classes, which reﬂected the degrees of agriculture sustainability
as follows:
Class I – Land management practices are marginally below
the threshold for sustainability represented by the units of
coastal plain, low sand sheet and moderate terraces which have
values ranging between 0.3 and 0.2. The areas characterized as
class 1 are located in the northern part of the study area it cov-
ers about 3% of the total area.
Class II – Land management practices are under the thresh-
old for sustainability, representing the units of some parts of
wadis, high terraces, moderate sand sheet, low sand sheets with
values between 0.2 and 0.1. It represents an area about 4% of
the total area.
Class III – Land management practices do not meet sus-
tainability requirements represented by the units of sand plain,
pedplain sabkhas, evaporites, wadi attribute, foot slope and
outwash plain with value <0.1 as shown in Table 7 and Fig. 9.
3.2. Potential and strategies for development of North Sinai
The correlation has been used to test the degree of association
between the sustainable agriculture and the factors affecting
them viz.: Security, protection, economic viability, social
acceptability and productivity as shown in Table 8. The results
showed that there is a high correlation between social and eco-
nomic factors with sustainable agriculture that can be poten-
tially sustained by the decision makers to increase the
sustainability levels in the study area. The sustainable agricul-
tural special model (SASM) was repeated with new potential
scores and ratings to produce new potential sustainability as
shown in Table 9 and Fig. 10.
The results obtained above showed an increase in class I
and class II where, class I is less than 0.4 and class II is less
than 0.1. This increase in sustainability can be achieved by
undertaking the following points to increase sustainability
class from 0.4 to above 0.5 and class 2 from 0.1 to above 0.3:
 Building new markets in the main villages.
 Reducing fertilizer prices and production income.
 Decreasing the interest on bank loans to increase agri-
cultural investments. Increasing the road network between villages and con-
nection with big cities.
 Building new hospitals and schools in small villages.
 Educating farmers about sustainable agricultural prac-
tices in order for them to be more familiar with
improved sustainable practices that will improve their
productivity.4. Conclusion and recommendation
The current work assessed sustainable utilization of agriculture
in the North Sinai area, depending on ﬁve factors (productiv-
ity, security, protection, economic viability and social accept-
ability) by using sustainable agricultural special model
(SASM). The investigation area is classiﬁed into three classes.
Class I and II have values ranging between 0.3 and 0.1, these
classes of sustainability are located at the North of the study
area where there are partly improved social and economic ser-
vices in addition to land and water resources. Class III which
has sustainable value <0.1 occupied an area about 47% of the
total area. This class, meaning that land management practices
does not meet sustainability requirements. Unfortunately the
results reﬂected the existing reality of sustainable agricultural
constraints in the North Sinai area. Therefore, sustainable
agriculture in North Sinai requires much more governmental
and public efforts to be recovered through:
1- Improved infrastructure in northern Sinai, which
includes roads and canals.
2- Use of effective management of soil for water and wind
erosion control, based on sensible soil conservation
practices.
3- Attention to social and economic factors that attract
people to this area.
4- Education to farmers about sustainable agricultural
practices so as to be more familiar with improved sus-
tainable practices that will improve their productivity.
5- Use of precision agriculture as much as possible in this
region as this technique will maximize agricultural yield.
6- Promotion of greater public awareness of the role of
people’s participation and people’s organizations, espe-
cially women’s groups, youth, indigenous people, local
communities and small farmers, in sustainable agricul-
ture and rural development.
Indeed the obtained information will be a good tool for
classifying and evaluating the different soils for sustainable
agricultural purposes. The northern part of the Sinai needs
more speciﬁc scientiﬁc investigations at local scales to develop
the rural areas through national projects.References
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